Managing stormwater in Watertown, MA : overcoming obstacles to change by Chai, Shutsu K. (Shutsu Kindness)
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change
by
Shutsu K. Chai
S.B. Urban Studies and Planning, S.B. as Recommended by the Department of Mechanical Engineering
Massachusetts Institute of Technology, 2006
Submitted to the Department of Urban Studies and Planning and the Department of Architecture
in partial fulfillment of the requirements for the degrees of
Master in City Planning and Master of Science in Architecture Studies
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
June 2009
© 2009 Shutsu K. Chai. All Rights Reserved.
ARCHIVES
The author here by grants to MIT the permission to reproduce and to distribute publicly paper and electronic copies of the thesis document in
whole or in part.
Author
Certified by
\ --
prtment of Urban Studies and Planning
.May 21, 2009
Professor Judith Layzr
Dep tment of Urban Studies and Planning
3 r Thesis Supervisor
Accepted by
Professor Joseph Ferreira
Chair, MCP Committee
Department of Urban Studies and Planning
Accepted by
Profssor Julian Beinart
Chair, SMArchS Committee
Department of Architecture
Certified by
Professo John E. Fernandez
Department of Architecture
Thesis Supervisor
MASSACHUSETTS INSTITUTE
OF TECHNOLOGY
JUL 2 0 2009
LIBRARIES
IL !
w

Thesis Committee
Advisor, Master of City Planning
Judith Layzer
Associate Professor of Linde Career Development
Department of Urban Studies and Planning
Advisor, Master of Science in Architecture Studies
John E. Fernandez
Associate Professor, Building Technology
Department of Architecture
Reader
Professor Eran Ben-Joseph
Associate Professor of Landscape Architecture and Planning
Department of Urban Studies and Planning
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change -- 3
4 
-
Abstract
As effective imperviousness increases with urbaniza-
tion, the impacts of stormwater runoff on local water systems
and aquatic life are more and more deleterious. Stormwa-
ter runoff carries pollutants into nearby water bodies, alters
stream banks, reduces stream base flows and bypasses infil-
tration processes that both clean and recharge groundwater.
While these consequences are still invisible to the average
citizen, human life is wholly dependent on adequate quantity
and quality of water resources, which polluted stormwater
runoff threatens. This link has motivated more widespread at-
tention to and effort in stormwater management, yielding new
technologies, initiatives and solutions.
As this new paradigm for stormwater management
grows better established and more broadly accepted, the
struggles to minimize the impact of runoff have shifted from
the technology to implementation. A deeper understanding
of the challenges and barriers to the adoption of new best
management practices will allow us to better target efforts to
overcome those obstacles. Conducting a case study of Water-
town, MA, I interviewed local officials, planners and activists.
Through these conversations, I identified four primary barriers:
funding shortages, disagreement over implementation mecha-
nisms, knowledge limitations and site constraints. Despite
these limitations, educational programs, codified local regula-
tions coupled with design guidelines and a flexible local fund-
ing source can help localities surmount those hurdles.
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Managing Stormwater in Watertown, Massachusetts
Watertown is a first-ring suburb northeast of Boston
with approximately 33,000 people, covers 4.16 square miles,
and is almost completely in the Charles River Watershed (Met-
ropolitan Area Planning Council 2004). Moreover, Watertown
is effectively urbanized given the extent of development and
along the Charles River, Watertown marks the start of a higher
density development pattern moving downstream. While Wa-
tertown is thus designated as a city, Watertown prefers to call
itself a town (Fillis 2009); therefore, it is structured as a town
and lacks the more bureaucratic structure of large cities.
On July 8, 2008, the Watertown Town Council re-
zoned the Pleasant Street Corridor District (PSCD) from indus-
trial to a special district designed to encourage mixed use and
revitalization (see Figure 1). Formerly storage sites and indus-
trial buildings, Pleasant Street is underutilized and in need of
significant improvement. Unlike the rest of Watertown, which
is built out, these sites present the opportunity for new devel-
opment at a large scale (Fennimore 2007). Moreover, this dis-
trict provides the opportunity to adopt up-to-date stormwater
management practices before extensive redevelopment begins.
Stretching 1.2 miles along the Charles River, carefully strategiz-
ing a stormwater management program for the district can
significantly reduce the town's impact on the river. Nonethe-
less, the new zoning does not strongly encourage established
stormwater best management practices (BMPs) and misses
the chance to capitalize on this opportunity (see Appendix
A). Given this ideal situation, what, then, are the barriers to a
more proactive approach to stormwater management?
As federal and state regulations grow more stringent
and enforceable, Watertown will need to proactively influence
local stormwater management practices. Historically, stan-
dards from the Environmental Protection Agency (EPA) have
focused on illegal water discharge points and illicit connections
between sanitary and storm sewers. However, regulatory at-
tention is beginning shift to the impacts of stormwater runoff, a
less visible but equally significant polluter of local water sys-
tems.
Inadequate practices are no longer excusable as the
methods and technologies for managing stormwater have co-
alesced and have become more widely accepted over the last
two years. The resources for instituting BMPs and evaluating
their effectiveness have matured, putting the knowledge about
BMPs and evidence of their viability at the fingertips of munici-
pal and private property managers (see Appendix B). Conse-
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Figure 1: Watertown Zoning Map (Cartographic Assoc. 1997)
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quently, the challenge for stormwater BMPs has shifted from
establishing methods and technologies to implementation.
The question, then, is: if we now know how to bet-
ter manage stormwater, what limits the adoption of those
practices? Admittedly, it takes time to change the practices
of town officials and developers, but how can that process be
accelerated? This thesis explores the challenges that first-ring
suburbs face in trying to implement stormwater BMPs through
a case study of Watertown, Massachusetts. It suggests that the
obstacles towns are likely to face include lack of knowledge,
absence of implementation mechanisms, funding limitations,
and site constraints. Insufficient knowledge about BMPs and
their effectiveness precludes their consideration for use in
municipalities. Without clear implementation mechanisms in
place, development practices cannot be held to the highest
standards. High construction costs and the lack of appropriate
funding sources deter adoption of stormwater BMPs. Finally,
physical site constraints limit the BMPs that are viable for any
project.
Despite these hurdles, curbing non-point source
pollution that occurs during rain storms is a critical component
of maintaining the integrity of local water systems. Humans
derive a broad range of benefits from aquatic ecosystems in-
cluding aesthetic value, clean air, food, and recreation. None-
theless, human impacts on aquatic ecosystems are broad and
diverse: dams stop river flows, inflows of nutrients render
large swaths of marine habitats anoxic, and developers dredge
and drain wetlands. In urban areas, pollutants and contami-
nants are constantly carried into nearby surface waters by
stormwater runoff and sewer outfalls. Unless we make greater
efforts to sustain the health of our watersheds, their natural
ecosystems will eventually collapse along with the ecosystem
services that we receive and take for granted.
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change -- 13
Environmental Impacts of Stormwater Runoff
According to the Massachusetts Department of Envi-
ronmental Protection (MassDEP), stormwater is the largest pol-
luter of waterways in the state, comprising 60 percent of pol-
lutant loads (MassDEP 2008). Three quarters of waterways are
considered impaired, and 27 watersheds have low flows during
the summer (MassDEP 2008). Implementing stormwater BMPs
to capture and treat runoff in each watershed is a necessary
component of restoring and protecting these water systems.
Stormwater runoff has serious environmental conse-
quences. Impenetrable surfaces characteristic of urban areas
like Watertown reduce the spaces for water to seep into the
ground, increasing runoff volumes. Fewer vegetated areas as
compared to predevelopment conditions limit the interruption
of water flows during storms, yielding higher runoff speeds.
These higher peak volumes and speeds can lead to flooding
and erosion of the riverbank during storms. Faster flowing
water also increases the capacity of that water to carry debris
and sediments and dissolve chemicals and oils as it flows over
surfaces en route to storm drains and the Charles River. All of
these additions lower the quality of surface water locally and
downstream. These damaging physical and chemical changes
in the Charles River affect aquatic life, vegetation and the
river's ecological balance.
Impervious surfaces also prevent water from filter-
ing into the ground, creating several problems. First, the flow
of water into and through soils removes impurities, capturing
pollutants before they reach the groundwater table-a process
that does not occur when the water directly runs off into storm
sewers or into surface water. Second, infiltration helps main-
tain the level of the groundwater table. Since the base flow [1]
of the Charles is fed by groundwater inflows, maintaining the
groundwater table is essential to the health of the riverine eco-
system. By contrast, reduced infiltration lowers stream base
flows and raises peak flows during storm events, increasing the
extremes of the hydrological patterns.
Noticeable stream degradation begins at a low
threshold of ten percent impervious cover in a watershed
(Booth and Jackson 1997). Approximately 50 percent [2] of
Watertown's land surface is covered with impenetrable man-
[1] Base flow is the water in a stream that is there year-round re-
gardless of storm inputs. This flow is established by water flowing
in from the groundwater table.
[2] Thisfigure was calculated using the MassGIS data layer, "Imper-
vious Surfaces" (2007).
Figure 2: Impervious Surfaces in Watertown, shown in white.
Map created using ArcGIS, using GIS layer "Impervious Surfaces" (2007) from MassGIS.
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made surfaces and structures; this coverage is dramatically
higher than the predevelopment condition, which was essen-
tially zero percent imperviousness (see Figure 2). During storm
events, peak discharge in Watertown can be as much as 2000
cubic feet per second, [3] which is nearly eight times more
than predevelopment conditions. Thus, Watertown's runoff
has significant impacts on the health of the Charles River.
Traditionally, engineers have managed stormwater
using piped systems that convey polluted water away from
the site as quickly as possible, releasing it into nearby streams.
By contrast, stormwater BMPs focus on capturing that water
onsite for treatment before it re-enters the water cycle through
groundwater or conveyance into streams. BMPs increase
infiltration rates and reduce the peak volumes of water runoff
during storm events by slowly releasing water and containing
portions of the total volume for a short time. For example,
laying porous pavement on sidewalks and driveways, provid-
ing trees to cover 25 percent of the town to absorb water, and
using drainage swales instead of stormwater pipes can reduce
peak discharge by as much as 17 percent. [4]
Although an infusion of stormwater would clearly
damage a pristine stream, one might object that the streams
and rivers in Boston's first-ring suburbs are far from pristine
and restoration of the Charles River should be viewed in realis-
tic terms. According to Derek B. Booth, director of the Center
for Water and Watershed Studies, and C. Rhett Jackson, a pro-
fessor of hydrology at the University of Georgia, "Many of the
changes to the landscape imposed by urbanization are prob-
ably beyond our best efforts to fully correct them, and so some
downstream loss of aquatic-system function is probably inevi-
table at our present level of understanding" (Booth and Jack-
son 1997). Nonetheless, rivers like the Cuyahoga River, which
repeatedly caught fire in the early 1900s, have seen dramatic
improvements through the Clean Water Act. The Charles River
itself was heavily polluted by industrial byproducts, trash and
human sewage in the mid-1960s, but is now 74 percent swim-
mable and continually improving (CRWA 2008). Even if prede-
velopment conditions cannot be attained, significant advances
are still possible.
[3] This figure was obtained through LMNO Engineering, Research,
and Software, Ltd.'s Rational Equation Calculator (see Appendix C).
[4] Calculated using the Green Values Stormwater Toolbox (see Ap-
pendix C).
Watertown's Regulatory Context
The main vehicle driving Watertown to deal with
stormwater is the permit program under the federal Clean
Water Act. The Federal Water Pollution Control Amendments
of 1972 to the Federal Water Pollution Control Act of 1948,
more commonly known as the Clean Water Act, is the statute
that initiated efforts to clean and maintain surface water qual-
ity in the United States (U.S. EPA 2009). The Act established
the mechanisms for regulating discharges and water quality in
navigable waters of the United States, provided the EPA with
the authority to establish programs for control of pollutants,
acknowledged non-point source pollution as a significant prob-
lem requiring attention, and set up funding to build sewage
treatment plants (U.S. EPA 2009).
The Clean Water Act created the National Pollut-
ant Discharge Elimination System (NPDES) program to address
compliance and enforcement through permitting of point-
source discharges (U.S. EPA 2009). The NPDES program is
comprised of two kinds of permits. Phase I applies to large
and medium Municipal Separate Storm Sewer Systems (MS4)
which are generally larger cities (Bowditch 2009). Phase II is
a general permit that applies to geographical areas, includ-
ing smaller suburban cities (Bowditch 2009). Regardless of
the phase, municipalities must obtain a NPDES permit for any
stormwater discharges; municipalities must then comply with
the practices outlined by the permit (Illinois Environmental
Protection Agency 2002). Phase I permits were established
in 1990 and Phase II began in 2003. Phase II permits last five
years, and as a consequence, the first round of permits expired
in May 2008, [5] at which point, all of the permit requirements
should have been fulfilled (Borci 2009). The primary weakness-
es of the first round of Phase II permits were the vagueness
of its requirements (Borci 2009). Since they applied to a large
geographical region, permits were not tailored to town-specific
problems. In addition, according to Todd Borci, an EPA compli-
ance officer, enforcement was difficult until the completion of
the permit period because of the lack of specificity and clear
timelines (Borci 2009). Although the next round of permits
for Massachusetts has not been issued, a new draft permit for
New Hampshire has been created. The New Hampshire permit
provides a sense of what Massachusetts' general permit will
include: it is more detailed and demanding than the Phase II
[5] However, the permit is administratively continued until the next
permit is issued (Borci 2009).
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permit was, and Mr. Borci is confident the result will be more
enforceable (Borci 2009).
In addition to municipal requirements, the EPA also
has private sector-specific standards. New EPA permitting
regarding commercial and industrial properties greater than
two acres for properties in the Charles River Watershed will be
tested on three towns: Milford, Franklin and Bellingham. This
regulation will require these properties to retrofit using struc-
tural BMPs to reduce total maximum daily loads (TMDL) of pol-
lutants, focusing on phosphorous in this first round (Venkatara-
man 2008). Depending on the outcomes there, properties in
Watertown may eventually be required to operate with similar
permits as a community on the Charles River. This regulation is
precedent-setting as the first stormwater regulation to require
retrofits on existing properties as opposed to setting standards
for future developments and property changes (Venkataraman
2008).
Watertown is also subject to state regulations gov-
erning stormwater runoff. Two Massachusetts laws are rel-
evant. First, the Wetlands Protection Act (MGL [6] c. 131 s. 40)
requires that any disturbance to area within a 100-foot buffer
zone around wetlands be reviewed by the local Conservation
Commission (Sargent 2007). Second, the Rivers Protection Act
of 1996 (MGL c. 258) establishes a resource area around rivers
that extends 200 feet from the mean annual high water line in
order to protect and create open space along the river (Sargent
2007). The Act requires that any new project proposals dem-
onstrate that there will be no adverse impacts on the river, and
that there are no possible alternatives; redevelopment is only
allowed where changes improve the existing conditions (Sar-
gent 2007).
In addition these two laws, the MassDEP has up-
dated the Massachusetts Stormwater Handbook and created
a Stormwater General Permit Program. The newest version
of the MassDEP's Handbook lays out regulations on peak flow
rates of stormwater running off a site and annual groundwater
recharge volumes through infiltration; previous versions did
not require infiltration and focused on peak volumes of runoff
(Spicer 2009). Most notably, the handbook now requires long-
term operation and maintenance plans (MassDEP 2008). These
standards have been incorporated into the Wetlands Protection
Act regulations (310 CMR [7] 10.05(6)(k)) and the Water Qual-
[6] Massachusetts General Law (MGL)
[7] Code of Massachusetts Regulations (CMR)
ity Certification regulations (314 CMR 9.06(6)(a)). MassDEP has
also issued a draft regulation to create a Stormwater General
Permit Program (MassDEP 2008). This program retroactively
requires private property owners with more than two acres of
impervious surfaces within the Charles River Watershed and
properties with more than five acres of impervious surfaces
outside of the Watershed to reduce stormwater runoff by 65
percent in the next ten years (MassDEP 2008). [8]
On top of federal and state regulations, Wa-
tertown has its own local ordinances. The primary regulation
regarding stormwater and water quality is the Watertown Wet-
lands Ordinance enacted under the state's Wetlands Protection
Act and enforced by the town's conservation commission. This
ordinance requires that developers apply for a special permit
for the construction of any structure or impervious surface
within 150 feet of a wetland, riverbank, water body, or flood-
plain (Sargent 2007). Furthermore, the ordinance establishes
a 50-foot no-build zone. The two buffers protect the resource
area and mitigate the impact of existing development (Town of
Watertown Massachusetts 2008).
With both regulations and technology in place, one
might expect practice to shift towards improved stormwater
management practices. But the gap between the existing
regulatory framework and reality suggests that there are still
challenges that suburban towns face, and that perhaps more is
needed to overcome those obstacles.
[8] Private property owners argue that ten years is insufficient
time, and that such a policy imposes excessive hardship (Kinder-
mans 2009).
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Challenge 1: Insufficient Knowledge
The most fundamental obstacle to widespread adop-
tion of stormwater BMPs is insufficient awareness of stormwa-
ter impacts and BMPs amongst municipal actors, [9] developers
and local residents; knowledge cannot be translated into action
unless the actors have that knowledge. This shortcoming
precludes consideration of the full range of management pos-
sibilities, results in inadequate long-term maintenance, causes
skepticism about effectiveness, and limits public pressure for
BMPs.
Inadequate knowledge about the different BMPs
constrains the palette of options that a developer or town is
likely to consider for use. As a regulator of local development,
towns cannot push developers for specific BMPs when they are
not aware of the full range of possibilities. Even if decision-
makers and designers are aware of the technologies, limited
understanding about BMP function and effectiveness causes
skepticism and fear of adoption. These actors are wary of the
technologies and methods because they have not used them
before; system function can be especially difficult to compre-
hend without seeing the system at work or a background in
engineering. In addition, industry practices evolve slowly, so
appropriate BMP construction processes also emerge slowly;
established practices and contractor relationships are trusted
and hard to change.
Consciousness about stormwater impacts on local
ecosystems and human life is limited. Aside from the mem-
bers of Watertown's Conservation Commission, stormwater is
an invisible issue to the average citizen with the exception of
problem situations such as flooding or sewer system back-ups;
unlike energy, residents to do not receive a bill for water that
runs off their properties (Falkoff 2009). Consequently, resi-
dents and municipalities do not have a clear connection to the
issue or the impact of any improvements they make. Without
awareness, they cannot mobilize to demand the use of BMPs.
Furthermore, town decision-makers struggle with fitting storm-
water into their policy agenda. As decision-makers, the lack of
knowledge is harmful because their decisions should be for the
benefit of the town; not knowing about stormwater concerns
severely hampers action because they cannot initiate or justify
action.
[9] Municipal actors include members of the Town Council, the
DPW, and the Department of Community Development and Plan-
ning.
Finally, lack of knowledge about stormwater prob-
lems and BMPs amongst private property managers may result
in inadequate maintenance procedures, which will limit the
effectiveness of constructed BMPs in Watertown. When devel-
opers turn properties over to their clients, there is a knowledge
gap (Kindermans 2009). For example, snow is routinely piled in
a swale behind the Arsenal on the Charles, limiting the effec-
tiveness of the swale in the first spring rains. If an operator of a
site is unaware of stormwater problems or unaware of installed
BMPs, they may fail to appropriately manage other aspects of
site maintenance such as snow plowing. Such a knowledge gap
undoes the effort invested in achieving that BMP.
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Challenge 2: Implementation Mechanism Selection
Disagreement over the mechanisms for achieving
better stormwater management practices limits the transla-
tion of knowledge to practice. In contemplating mechanisms,
towns often encounter two interrelated challenges: selecting a
mechanism to promote the adoption of stormwater BMPs, and
deciding how the responsibility for implementing that mecha-
nism should be distributed. Watertown has the most control
over this area but fails to clearly select and establish the pri-
mary mechanisms it wants to use. While regulations and zon-
ing are employed by the town, the town fails to maximize the
potential of these tools to achieve higher standards of prac-
tice. Furthermore, without design guidelines in Watertown,
the town misses the opportunity to challenge developers to
not only adhere to requirements, but to create BMPs that are
assets for their projects. Ultimately, the goals of the town for
stormwater management are not clearly articulated or codified
and are therefore difficult to meet.
Watertown does not adequately use regulations to
encourage the adoption of stormwater BMPs. Regulations
state requirements and articulate practices that are forbidden.
Breeches of regulations result in punitive action. While seem-
ingly straightforward, the progression from an established rule
to compliance or non-compliance and enforcement does not
always yield intended behavior. Without clearly articulated
regulations, developers will struggle with interpreting their
requirements and may produce projects that meet the specifics
of the rule without meeting its intent. Currently, Watertown's
regulations regarding stormwater are limited, only briefly ad-
dressing stormwater in the "Sanitary Sewer and Storm Drains
Regulations." The regulations identify areas that require DPW
and MWRA discretion, but do not have clearly articulated
requirements. In the "Sanitary Sewer and Storm Drains Regu-
lations," storm drainage connections to the town system are
allowed "as the DPW reasonably deems appropriate" (Town
of Watertown Massachusetts 2008). The regulations focus on
the interface between the development and the public storm
sewer interface, or in other words, the permitting process to
establish a connection and maximum pollutant loads into a
connection. There is no mention of stormwater treatment or
retention onsite. If the town doesn't clearly explicate desired
practices, developers are left either to negotiate with the town,
to interpret the regulations as they see fit, or in the worst case,
to meet no standards at all.
Watertown also fails to use zoning as a mechanism
to influence the adoption of BMPs. The rezoning process of
the PSCD revealed the varying opinions on the role of zoning
in achieving low-impact development and stormwater BMPs.
Some group members redrafting the zoning did not believe
stormwater management requirements belonged in zoning.
Others feared a code that required too much would scare de-
velopers away. The zoning amendment that resulted from the
negotiations provided environmental sustainability guidelines
that used vague terms, allowing significant room for interpreta-
tion and provided little guidance for stormwater management
(see Appendix A). Ideological conflict about zoning prevented
the inclusion of clear stormwater management standards.
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Challenge 3: Funding Limitations
Financial constraints limit the magnitude and types
of stormwater management strategies that municipalities and
private developers can construct. Finite budgets limit consid-
eration of stormwater BMPs because of the high cost of instal-
lation. Moreover, existing funding sources are too inflexible to
encourage best use of new technologies.
High Costs
Constructing structural BMPs can be expensive.
According to the annual report produced by the University
of New Hampshire Stormwater Center, the cost of each acre
treated by BMPs ranges from $12,000 to $31,500. Watertown
covers approximately 2,660 acres. Assuming Watertown had
ample space for BMP installation with the lowest cost method,
[10] treating stormwater for the entire town would cost almost
$32 million.
For private developers, the central cost obstacle is
the absence of any direct returns for stormwater BMP instal-
lation beyond the minimum requirements (Kindermans 2009).
Developers' financial constraints vary depending on when and
where the BMP installation occurs. When new construction
happens, the costs of installation can be rolled into the total
construction cost (Kindermans 2009). The entire site is dis-
turbed during new construction, so incorporating structural
elements like subsurface holding tanks do not add significant
costs to the project. With redevelopment, the installation of
structural BMPs is more costly because aspects of the site are
already established; installing subsurface tanks in this case in-
volves tearing up portions of pavement in the process of other
construction. Finally, for existing sites, the associated costs are
even higher because retrofits require significant site modifica-
tions; subsurface tank installation may include disturbing por-
tions of the site that are in good condition (Kindermans 2009).
Another financial constraint comes from the opera-
tion and maintenance process-in other words, repeated costs
that must be paid throughout the lifetime of a stormwater
BMP. Planted vegetation requires gardening, depressions for
swales or basins require debris removal, porous pavement
requires vacuuming, and any BMPs with pumps require main-
tenance over time. These processes are planned in construc-
[10] According to Appendix B, the lowest cost method is a vegetated
swale.
tion proposals by a developer or consultant, but the eventual
property manager may not be aware of the maintenance pro-
cedures, or the costs maintenance may be high and eventually
abandoned (Kindermans 2009).
Finite Budgets
"Money, money, money," are the primary constraints
on what an agency can do, according to Sue Tamber, the
Deputy Superintendent of Public Works (Tamber 2009). In fact,
according to Gerald Mee, Superintendent of Public Works, the
Department of Public Works (DPW) has been operating on the
same budget since 1995 (Mee 2009). The amount of funding
available to support programs and projects and to hire staff
limits the projects themselves and the kind of attention that
can be devoted to any issue.
One major constraint on the town budget is Proposi-
tion 2Y2. Instated in 1980, Proposition 2Y2 is a state law that
limits taxation to 2.5 percent of total assessed property value
in the town and limits all tax increases in a single year to 2.5
percent each year. Towns can override this legislation in a
given year or permanently increase the percentage by a major-
ity town vote. [11] Proposition 2 2 constrains town budgets
and, therefore, the services that towns can provide. The Con-
sumer Price Index shows that in the last 10 years, the inflation
rate was greater than 2.5 percent in every year except 2002
(InflationData.com 2009). With inflation occurring at a rate
greater than the growth of the town budget, towns are increas-
ingly limited in resources for public works. According to the
Massachusetts Department of Revenue, Watertown has never
voted on an override in the 29 years since Proposition 22 was
passed. While this may indicate that town funds have always
been sufficient, more likely it reveals a bias against taxation in
the town. But such an attitude impedes the establishment of
a stormwater utility to help pay for the construction of struc-
tural BMPs or any other aspects of a stormwater program. [12]
Other local funding mechanisms are also difficult to instate in
such a climate.
[11] To put the referendum question on the ballot at all, a two-
thirds majority vote is necessary among the town selectmen or
town council.
[12] For more information on stormwater utilities, the Charles
River Watershed Association (CRWA) has a report on financing
mechanisms in New England which focuses stormwater utilities
(CRWA 2007).
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According to a study by the Alliance for Quality Edu-
cation, the Massachusetts tax cap resulted in a lower quality
school system; schools experienced hiring freezes and employ-
ee layoffs as a result of the cap (The Alliance for Quality Educa-
tion 2008). Some districts cut or starting charging for school
programs while others completely shut down several schools
(The Alliance for Quality Education 2008). The study also noted
that wealthier communities tended to vote for overrides, and
as consequence, middle class school districts suffered most
(The Alliance for Quality Education 2008). While the study did
not document public services, it's likely that Proposition 2Y2 is
having similar negative impacts on public works.
Fines for non-compliance with NPDES permitting may
also limit Watertown's budget. With the expiration of the last
MS4 general permits from the EPA, Todd Borci believes that en-
forcement actions are likely to begin, where vagueness limited
enforcement up till this point; fines can be levied in amounts
up to $32,500 per day (Borci 2009). From the perspective of a
town, these fines inhibit town efforts, taking money away from
an already limited budget (Magoon 2009). This conflict is com-
plex; the regulatory stick has no effect without consequences,
but the consequences further handicap towns.
Inflexible Funding Sources
The use of outside funding sources for costly munici-
pal projects, while helpful for overcoming cost barriers, may
constrain the BMPs that a town can use. The process of fund-
seeking limits what is built in two ways. First, the qualification
requirements force communities to develop projects that can
meet those guidelines. Second, once funding is secured, com-
munities will avoid anything that may jeopardize funds or fur-
ther delay the project; any changes after project approval can
be costly or cause loss of the funding altogether (Borci 2009).
The Pleasant Street road reconstruction project il-
lustrates the consequences of inflexible funding sources. From
proposal to breaking ground, Pleasant Street's road reconstruc-
tion project took ten years. The use of innovative new BMPs
that have emerged since the proposal of this reconstruction
project could not be incorporated into the reconstruction
plans. The funding process introduced a level of complexity
to the process with additional parties to satisfy and the sheer
length of time from inception to construction. The Massachu-
setts Planning Organization's (MPO) Transportation Improve-
ment Program (TIP) is funding the Pleasant Street reconstruc-
tion, which means the stormwater standards are set by both
the MPO and MassHighway. [13] At the time when this project
was proposed, MassHighway requirements were more tradi-
tional (Watson 2009). As MPO funds are offered in anticipa-
tion of federal funds, when federal funding changes, delays
occur. Despite MPO's eventual approval of the project, the
funds were not immediately available from the MPO and the
project was delayed another five years. The complexity of the
approval process with many reviewers not only created addi-
tional hurdles, the outcome was frozen in the time of the initial
proposal.
The entire Pleasant Street reconstruction is antici-
pated to cost around $9 million, and thus financing was a
big driver in its design. Town funding of that magnitude was
not possible; losing that eligibility would have devastated
the project, according to Gregory Watson, Watertown's for-
mer planning director. Many layers of involved parties added
complexity and further constrained the process. This project
also encountered setbacks from the lack of communication
between parties from which approval was needed. The de-
sign process had progressed significantly before MassHighway
recommended new ideas and dimensional changes that forced
substantial redesigns (Watson 2009). Even MassHighway's
measuring unit system changed in the time span of this pro-
cess, switching from the English to the metric system (Watson
2009). Satisfying the many parties clearly drew out the length
of the process, and the need for the funds after so many years
ultimately precluded the integration of new ideas and new
BMPs. The funding, while integral, also prevented reinvent-
ing the reconstruction with newer solutions regardless of the
potential benefit of those alternative BMPs.
[13] MassHighway sits on the MPO board.
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Challenge 4: Site Characteristics
Site characteristics limit the use of stormwater BMPs
in three ways. First, the natural site characteristics in terms of
soils and water table levels influence what BMPs can be effec-
tively used on a site. Second, existing structural elements such
the size of the right of way or parking lot location affect the size
and type of BMPs that can fit on the site as well as the types
that can be retrofitted. Lastly, not about the site itself but
about the process of developing the site, complicated construc-
tion processes can frustrate efforts to incorporate BMPs.
Site conditions can have significant impacts on the
BMPs that can successfully be constructed on a site. The
porosity [14] of the soils on a site can be a limiting factor in
the types of infiltration systems that are applicable and may
require more complex construction procedures to achieve
adequate infiltration. For example, if a site is primarily made of
clay, infiltration will be limited because clay has very low poros-
ity; a bioretention system would not be ideal as bioretention is
designed to hold water during the storm and to allow infiltra-
tion over time.
When there is a high groundwater table, [15] that
water also limits the amount of infiltration and the types of
BMPs that make sense in that location. Proximity to the river
inherently means the groundwater table is relatively close to
the surface. Thus, high groundwater at the southern edge of
the PSCD constrains the types of BMPs and affects siting of
BMPs. A minimum distance is necessary in order for the water
to be filtered before entering the groundwater; without ad-
equate distance, the captured runoff risks contaminating the
groundwater. In addition, if a water table sits close to a struc-
tural BMP, such as a surface sand filter, that groundwater will
limit the amount of water the soils can hold and thus constrain
the effectiveness of the filter. In such situations, subsurface
tanks that offer some sedimentation removal may be the opti-
mal solution.
Physical constraints created by existing development
are particularly difficult to overcome. The experience in the
PSCD illustrates this problem in concrete terms. There, the
public right-of-way is around 50 feet; once sidewalks, curbs,
[14] Porosity refers to the amount of space between particles.
Water moves through these spaces when it infiltrates the ground.
Low porosity means that there is little space for the water to use to
travel through the soil.
[15] High groundwater means that the water table is close to the
visible surface of the ground.
parking and driving lanes are introduced, not much space is left
for stormwater management aside from storm drains (Mad-
den 2009). While reconstruction presents an opportunity for
the installation of BMPs, the actual site precludes use of BMP
options that require wide spaces. Watertown's development
pattern is relatively urban so much of the town will be affected
by similar space constraints created by public infrastructure
and buildings.
Finally, the construction process of BMPs may impose
additional constraints that prevent the adoption of BMPs. For
example, according to Theo Kindermans, a principal at Stantec
the construction process begins with paving the parking lot
and roads to provide access to the site and building. But, using
porous pavement typically requires that the parking lot be built
last because heavy construction equipment and high traffic lev-
els during construction may compact the pores and reduce its
usefulness (Kindermans 2009). This sequencing requirement
affects the actual viability of a stormwater BMP, which must
be factored into the total cost of BMP adoption (Kindermans
2009). While porous pavement initially appears to be a simple
switch from normal asphalt, the reality shows that other struc-
tural BMPs that are more difficult to build may be easier for the
construction industry and therefore more likely to be adopted.
Even if porous pavement is not used, compacted soils around a
site can reduce the site's infiltration capacity.
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Solution 1: Disseminating Knowledge
As new BMPs emerge, as with any other new tech-
nology or idea, the process of dissemination requires time and
effort. Engineering practice has a well-established palette of
traditional strategies. New low impact development (LID) and
stormwater BMP ideas challenge those practices by suggesting
new or modified ways of managing stormwater. Furthermore,
these BMPs are still relatively new to the cold New England
winters.
Several tools can facilitate the advancement of
knowledge about stormwater BMPs. Training programs can
broaden the knowledge and skill sets of local officials, munici-
pal staff and developers. Successful projects can reduce levels
of skepticism and provide a model for the development of local
efforts and projects (Bowditch 2009). The Charles River Water-
shed Association (CRWA) created the Green Street Guidelines
for Allston-Brighton and the Peabody Square Green Street Pilot
to provide examples of innovative design and project manage-
ment strategies that can be effective in the local context (CRWA
2008). The University of New Hampshire Stormwater Center
(UNHSC) demonstrates the use of technologies in the cold New
England climate, provides explanations of how the systems
function and offers analysis of their effectiveness. UNHSC also
leads workshops and tours of their BMP testing sites (UNHSC
2007). Once local leaders are made aware of stormwater is-
sues and BMPs, this knowledge can filter down to Watertown's
residents through public education programs (see Appendix F
for an example).
In the private sector, pilot projects and demonstra-
tion sites are particularly effective in overcoming skepticism.
According to Theo Kindermans, visiting the UNHSC site was a
transformative experience for him; seeing the BMPs in action
and the data supporting their success convinced him that BMPs
could be used effectively in his projects (Kindermans 2009).
The experience was so powerful that Stantec now brings their
clients to visit the site, which Mr. Kindermans believes is trans-
formative for the clients as well. One of his clients has even
hired a UNHSC professor to testify before a local town council
(Kindermans 2009). Richard Balest, the property manager of
Arsenal Mall mentioned that within the Simon Malls and mall
management industry, pilot projects are closely monitored;
when pilots are proven effective, the rest of the industry is
eager to follow suit (Balest 2009).
For the establishment of the PSCD, the use of ex-
pertise distinct from the town government was important
in overcoming skepticism about the process and outcomes.
Sasaki Associates, a local architecture and planning firm was
contracted to conduct the initial study of the PSCD (Fillis 2009).
The community was more receptive to their recommendations
for the PSCD. Consequently, the use of outside experts such as
the UNHSC will also be a useful tool to help towns overcome
skepticism of stormwater BMPs.
The building and construction industry adopts new
skill sets slowly, but as demand for newer stormwater manage-
ment techniques grows, industry will respond accordingly. That
demand is driven by public concern with stormwater issues
and increasingly stringent regulations. When hired, individu-
als come with a limited expertise. Consequently, the private
sector evolves through new hires with new skills or by training
existing staff. For municipalities, increasing demands for new
and innovative technologies can be met in three ways: train-
ing staff, hiring new staff or contracting outside help (Tamber
2009). Ultimately, knowledge and innovation in industry are
temporarily a limiting factor that will be overcome as regula-
tions grow more stringent and public pressure for better storm-
water management practices grows.
Lastly, increasingly stringent regulations will motivate
learning in the private and public sectors. Necessity will drive
towns and developers to learn about stormwater problems so
that they can take the needed steps to manage them. More-
over, increasing awareness among property managers about
operation and maintenance procedures is critical to ensure the
long-term viability of BMPs. Requirements established by regu-
lations can guarantee that such knowledge is transferred from
developers to property managers. New MassDEP regulations
will require projects to plan for long-term maintenance and
operation (MassDEP 2008). Ultimately, property managers and
municipal leaders will be forced to know and understand BMPs
and their role in ensuring stormwater is adequately managed.
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Solution 2: Establishing Implementation Mechanisms
Disseminating knowledge about stormwater-related
environmental concerns and stormwater management practic-
es is the first step towards BMP adoption, but more is needed
to translate a need for BMPs into standard practice in a munici-
pality. Mechanisms are needed to encourage, and sometimes
even to force implementation of BMPs when they wouldn't
otherwise be used by developers.
Regulations
Establishing stormwater regulations will help Wa-
tertown institute local standards and ensure that developers
are aware of local expectations for stormwater management.
Regulations force developers to consider stormwater man-
agement when they would rather not do so because of high
costs or added complexity to a project. Setting the minimum
requirements, regulations can guarantee that a basic level of
stormwater management will occur.
Stormwater is traditionally regulated through the
storm sewer regulations, but stormwater management extends
beyond the sewers, particularly with BMPs that are intended
to avoid usage of storm drains. Consequently, stormwater is
better addressed through a stormwater-specific ordinance.
Towns are encouraged to create such an ordinance to meet the
requirements of the first round of EPA NPDES Phase II permits
(CRWA 2008). A stormwater ordinance will allow Watertown
to specify what it expects developers to do given local con-
straints and preferences (CRWA 2008). The ordinance also al-
lows towns to clarify overlapping regulations such as conflicting
state and federal wetlands regulations and local Conservation
Commission regulations (CRWA 2008).
Regulations can also create new markets for com-
pliance practices, which ultimately facilitate the installation,
operation and maintenance of stormwater BMPs. In response
to more stringent regulation in Maine, a group called Storm-
water Compliance, LLC was formed to provide maintenance of
BMPs to help properties achieve compliance with local regula-
tions (Kindermans 2009). Thus, more stringent regulations can
create a market for a compliance industry that facilitates an
effective stormwater management program for Watertown.
Zoning Code
Actively choosing how zoning will fit into Water-
town's stormwater management strategy will clarify which as-
pects of stormwater management are under the purview of the
zoning board as opposed to the planning commission, conser-
vation commission or DPW. Establishing responsibility affects
how standards are upheld, what those standards are, and who
developers will turn to for clarification. As the diversity of zon-
ing types shows, views on what a zoning code should include
can differ dramatically and can significantly alter Watertown's
stormwater management strategy.
Amending Watertown's zoning code to address
stormwater management will also help codify the town's
expectations for new development. Watertown's zoning is
primarily Euclidean and could benefit from a broader range of
zoning types. Form-based, incentive and performance zoning
can supplement existing Euclidean zoning. Euclidean zoning,
focuses on regulating land uses and dimensional standards, in-
cluding building size, lot coverage and the relationship of build-
ings to other structures and the road (Philadelphia Zoning Code
Commission 2009). Euclidean zoning is rigid but clear in its
requirements. By contrast, form-based zoning influences the
character of a place by regulating the form and scale of build-
ings and the relationship with the public realm; it puts less em-
phasis on the specific land use (City of Palo Alto 2001). While
similar to design guidelines, the outcome is regulatory and not
just advisory. These zoning codes may also include landscaping
and environmental resource standards that control issues such
as stormwater drainage from a site (Form-Based Codes Insti-
tute 2008). Despite its specific application to address stormwa-
ter concerns, interpretation and administration of such a code
can be difficult depending on the quality of the code (Philadel-
phia Zoning Code Commission 2009). With carefully crafted
language and standards to facilitate administration, Watertown
can use form-based zoning to effectively manage stormwater.
Incentive zoning creates an exchange system be-
tween communities and developers where developers gain
density in return for providing some benefit to the commu-
nity (Philadelphia Zoning Code Commission 2009). Instead of
regulating permitted uses, incentive zoning creates a positive,
mutual-gain interaction between developers and cities (Mad-
den 2009). While offering greater flexibility, incentive zoning
requires establishing a careful balance of incentives to prevent
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excessive development while still obtaining community ben-
efits (Philadelphia Zoning Code Commission 2009). Common
practice gives developers density, but towns can be innovative
in the crafting of exchanges, providing other incentives such as
changes in site layout or proportions of building uses in a mixed
use building. Like form-based zoning, incentive zoning needs
to be carefully crafted to avoid unanticipated consequences;
the experience of New York City with incentive zoning resulted
in "towers in the park," which were far from the intent of the
zoning (New York City Department of City Planning 2009). One
of the risks of incentive zoning is "cherry picking" by develop-
ers; developers may produce elements outlined by the code
without meeting community goals (Madden 2009). Nonethe-
less, incentive zoning would allow Watertown to explicitly state
the stormwater BMPs that the town hopes developers will use
without scaring them away.
Lastly, performance zoning regulates the impacts
of development as opposed to land use or specific forms of
development. Performance zoning initially regulated commer-
cial and industrial nuisances like air pollution and noise, but it
has expanded to include issues like the amount of impervious
cover, landscaping and water/sewer impacts (City of Palo Alto
2001). The most prominent weakness of performance-based
codes is the discretionary review process which makes such
codes difficult to implement (City of Palo Alto 2001). The com-
plexity of impacts-complicated calculations and site specific
impacts-also impede successful implementation (City of Palo
Alto 2001). While performance zoning seems complex, it may
also be most appropriate to issues of water quality because of
the associated pollution loads and runoff volumes that de-
velopers can both measure and mitigate. Thus, performance
zoning can foster improved stormwater management practices
by directly controlling the actual impacts on local water system
and not just the construction of BMPs.
One argument against more specific zoning codes
regarding stormwater is the effect of such signals on devel-
opment in municipalities. In the current economic climate,
development is already limited; several town members fear
that adding further constrains will only discourage future de-
velopment. The National Association of Industrial and Office
Properties (NAIOP), the primary trade association for develop-
ers and owners of industrial and office properties, states on
its website that additional guidelines and requirements above
existing regulations are "not warranted" and that additional lo-
cal regulations should be controlled (NAIOP 2009). Clearly the
building industry is wary of additional regulation and guidelines
that increase uncertainty, financial burden and private sector
responsibility. However, private developers will likely resist any
regulations regardless of the true sufficiency of existing regula-
tions. Foregoing long-term environmental health may be an
irreversible decision, whereas economic conditions will eventu-
ally rebound.
Design Guidelines
Watertown can also effectively use design guide-
lines as a component of its stormwater management program.
Design guidelines promote desirable behavior, as opposed to
guarding against undesirable actions; as the name suggests,
they are advisory, not regulatory. Private developers contend
that guidelines are difficult to work with. According to Theo
Kindermans, developers prefer the clarity of regulations that
outline exactly what is expected, preferring anything that can
be quantified (Kindermans 2009). Specificity allows them to
systematically meet each requirement instead of having to
interpret what is expected or permissible, or to be caught off-
guard when the proposal is submitted to the town for review.
However, developers ultimately resist any additional expecta-
tions, regardless of the form, whether the expectations are
codified in regulations, zoning or design guidelines. Notwith-
standing private-sector resistance, well-crafted design guide-
lines have proven effective in Portland and Seattle. Watertown
can learn from their example and adapt their management
strategies to local conditions and circumstances.
Design guidelines generally take one of two forms:
recommendations about the actual design of physical features,
or suggestions for the design process. In Portland, design
requirements are established in a Stormwater Management
Manual; the expectations outlined in this document are autho-
rized by City Code Chapter 17.38 (City of Portland 2008). Thus,
while the manual provides guidelines and not regulations, the
directives of the manual are enforceable. Portland's manual
provides infiltration standards when connections to off-site
drainage systems are permissible, expectations for flow control,
pollution reduction standards, and specifications for under-
ground injection control structures (subsurface storage tanks
that allow slow discharge) (City of Portland 2008). In addition,
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the manual provides design goals that influence the design pro-
cess and final design as well as the permitting steps to ensure
project approval (City of Portland 2008). Portland is nationally
recognized for its successful stormwater management pro-
gram, even winning the EPA's Environmental Excellence Award
in 1996 (Water Environment Research Foundation 2008; Hot-
tenroth, Harper, and Turner 2007).
Seattle's guidelines are in the form of pilot projects
that have been implemented and evaluated for their effec-
tiveness. The compiled project studies provide a manual that
demonstrates the technologies that work well in that local-
ity. Seattle's program is unique in that a significant portion
of efforts are directed at guiding municipal design the public
right-of-way, an initiative also known as Street Edge Alterna-
tives (Seattle Public Utilities 2008). The pilot projects are used
to distill lessons and to propose further techniques to increase
BMP effectiveness. These projects are well-suited for and
urban context like Watertown. Discussed BMPs include biofil-
tration, vegetated swales, cascades, rain gardens, porous pave-
ment and rainwater harvesting (Seattle Public Utilities 2008).
Seattle's program has received worldwide attention and praise
for its success (Water Environment Research Foundation 2008).
The "Green Street Guidelines" by the CRWA for
Allston and Brighton takes a broader but more site-specific
perspective in its guidelines. As Watertown only has a limited
range of site types open for development, such a strategy can
be effective. Broader concerns about open space and mobility
led to three pilot projects that address those concerns while
integrating innovative stormwater management strategies. Site
analysis identified opportunity points were paired with sample
street sections and design "considerations" (CRWA 2008).
More detailed strategies for low impact street design accom-
pany each design goal; the goals are reduced impervious pave-
ment, run-off management, improved pedestrian and bicyclist
environment, and additional trees and plants wherever pos-
sible, all while working within local road dimensional standards
(CRWA 2008).
Unlike zoning, design guidelines are an opportunity
to provide developers with examples and models of the town's
goals and objectives. More flexible than regulations or zon-
ing, guidelines provide general (or sometimes a more specific)
sense of the desired end product while still allowing room for
innovation. And, as Theo Kindermans believes, developers do
want people to like what they build (Kindermans 2009). Mr.
Kindermans' belief suggests that even if developers dislike
guidelines, the presence of guidelines pressures developers to
respond. Thus, while not legally binding, design guidelines can
be a useful tool for motivating and producing stormwater BMPs
in a town. In addition, guidelines, because of their suggestive
nature, are not as threatening to developers. Moreover, design
guidelines are a way for towns to be more transparent and
reduce the guesswork for developers and the amount of ne-
gotiations between parties. Ultimately, as Portland's example
demonstrates, coupling design guidelines with regulations that
provide the guidelines with authority can be an effective strat-
egy for achieving improved stormwater management practices
in Watertown.
Watertown is not limited to these three tools and can
innovate with other strategies and mechanisms to encourage
stormwater BMPs. For example, as the primary concern for
private developers is the absence of a direct return, Watertown
can establish a system that does provide a return for install-
ing BMPs. Establishing a certification program like the United
States Green Building Council's LEED Certification Program en-
sures that developers obtain a better public image for their ef-
forts. Encouraging the building industry to establish voluntary
standards for nonpoint source pollution can also foster better
practices for Watertown and extend those benefits to other
communities. Creating a system to provide private developers
with direct returns for better stormwater management practic-
es can positively encourage desirable behavior in Watertown.
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Solution 3: Reducing Costs and Funding Options
Reducing the cost of constructing BMPs is beyond
the control of Watertown and is rather a function of the mar-
ket. As demand for stormwater BMPs increases in Watertown,
Massachusetts and the nation, economies of scale will follow
through more standardized practices and increased manufac-
turing of necessary materials. In Danielle Spicer's experience
as a project manager at Stantec Consulting, asphalt manufac-
turing plants stop their normal processes whenever a batch of
porous asphalt is needed. The costs of switching asphalt types
must be off-set each time this occurs (Spicer 2009). As BMPs
like porous pavement become more mainstream, however,
manufacturing costs will go down, reducing the cost hurdle to
adoption. Thus, reducing costs is a function of broader knowl-
edge about the environmental impacts of stormwater runoff
and increasingly stringent regulations. Watertown can contrib-
ute through educating its constituents and municipal leaders
and locally upholding high standards of practice.
Despite the legitimacy of a financial shortage and
high BMP costs in Watertown, regulatory requirements from
the federal and state levels demand action and change; Water-
town has no choice but to respond. To facilitate the funding
process, several funds are available through that state and the
Massachusetts Water Resources Authority (MWRA). Other
funds can be creatively leveraged to achieve better stormwater
management; for example, the Massachusetts Planning Orga-
nization's (MPO) Transportation Improvement Program (TIP)
focuses road reconstruction but can simultaneously provide an
opportunity for road-side stormwater infiltration systems.
In 1989, as a part of the Clean Water Act amend-
ments of 1987, the federal government established the Clean
Water State Revolving Fund (CWSRF) to provide low interest
loans to for water quality projects (U.S. EPA 2009). Adminis-
tered by the state, federal government grants and 20 percent
state matching grants are loaned to communities; repayments
are recycled into the loan system to maintain the funding pro-
gram (U.S. EPA 2009).
The MWRA's Infiltration/Inflow (1/1) Local Finan-
cial Assistance Program provides interest-free loans to towns
serviced by the MWRA. Inflow and infiltration occur when
groundwater leaks into the sanitary sewer system, and as
a consequence, must be treated at the end of the pipe at a
wastewater treatment facility or may overflow into local sur-
face water bodies and backup into homes (Halifax Regional Mu-
nicipality 2005). This infiltration adds unnecessary costs to the
treatment process. While groundwater is not directly related
to stormwater, sewer system improvements affect the amount
of discharge into rivers during storm events. Approximately
$221 million in grants is devoted to reducing 1/1 flows and to
rehabilitate old and deteriorating sewers through the 2015 fis-
cal year (MWRA 2009). Unlike the State Revolving Fund, the 1/1
program is only partially a loan program; Phase 1 and 2 of the
program were 25% grants and 75% interest-free loans. Now,
the program provides 45% in grants and the remaining 55% in
loans (MWRA 2009). Towns still need to contribute financially,
but the burden is significantly reduced by this program.
A creative way to meet the challenges of constrained
budgets is to collaborate with and learn from other towns.
While vagueness weakens the NPDES Phase II general permits,
that general nature also means that many towns must meet
the same requirements. Cross-learning and information shar-
ing can limit the duplication of efforts and reduce the funds
Watertown must individually devote. Cooperation can be
effective for educational materials, partnerships with local busi-
nesses and outreach programs. Todd Borci also suggested that
the EPA and state may, in the future, serve as a central resource
to facilitate such efforts.
Watertown can also leverage the expertise of their
citizens to meet regulatory challenges. Its future Stormwater
Advisory Committee will include several citizens who have
expertise from their own professional work. Other creative
ways may be possible for citizens with specialized knowledge
to contribute to the improvement of stormwater management
practices in Watertown. Ultimately, while the costs of imple-
menting BMPs to manage stormwater may be high, the threat
of regulatory enforcement is real, so Watertown has no choice
but to meet the regulatory requirements creatively to over-
come the financial hurdle.
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Solution 4: Adapting to Site Conditions
Lastly, site characteristics may constrain the use of
BMPs but are a poor excuse for inadequate stormwater man-
agement. As towns are only able to set standards and cannot
change these physical limitations, adapting to site constraints
is the responsibility of the developer. With many new storm-
water BMP technologies that are applicable in a wide range
of conditions (see Appendix B), site conditions are no longer a
true constraint but rather an inconvenience. Careful articula-
tion of expectations through regulations and demonstrations
of feasibility through guidelines will require developers to meet
that standard without frightening them away.
Danielle Spicer recommended that towns gather
local data to guide developers about the BMPs that are par-
ticularly effective in that town may be especially useful. Such
a tool would facilitate the process for developers and reduce
the number of BMP options earlier in the process, ultimately
reducing the complexity of the BMP design process. Facilitat-
ing the design process for projects in Watertown through such
a tool or set of guidelines will prevent regulations from scaring
developers away.
Furthermore, use of zoning has helped and can con-
tinue to help overcome space constraints in Watertown. In the
PSCD, the zoning requires a minimum ten foot setback, the goal
of which is to create more public space and opportunity for de-
velopers to add street trees, which could also afford room for
stormwater BMPs in spite of the narrow right-of-way (Madden
2009). This creative strategy for overcoming the physical con-
straints may help achieve stormwater BMPs in the PSCD; towns
can intervene through implementation mechanisms such as
zoning that directly address the built environment to overcome
physical constraints.
Site conditions sometimes present complex design
problems for stormwater BMPs, but those hurdles are sur-
mountable. For example, the narrow right-of-way in the PSCD
prevents the use of larger structural BMPs such as vegetated
swales along the road. Nonetheless, porous pavement, un-
derground retention basins, or manhole filtration devices can
still be employed effectively to increase infiltration and reduce
runoff volumes. Site constraints are poor excuses to convey
stormwater off-site via storm drains; the diversity of potential
BMPs suggests that there is always an option for on-site treat-
ment of stormwater.
Finally, as a last resort when site conditions are too
onerous, Watertown can consider offsite and regional strate-
gies for stormwater runoff mitigation. Watertown can require
developers to implement stormwater BMPs at another prob-
lem site in the town in exchange for a storm drain connection.
Possibly more effective, Watertown can also require devel-
opers to mitigate stormwater at a more strategic location in
the watershed which may or may not be in the town. Lastly,
mitigation banking can provide developers with an alternative
solution when site conditions preclude any BMPs. This strategy
is typically applied to wetlands; when developers cannot pre-
serve onsite wetlands, they can buy into a preserved wetland
"bank" elsewhere in the region as mitigation for the wetland
they destroyed. The same concept can be applied to stormwa-
ter runoff mitigation; large regional BMPs can serve as a miti-
gation bank for developers to buy into when onsite conditions
cannot be overcome.
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A Stormwater Management Strategy for Watertown
Ultimately, an integrated approach to each of the
challenges may yield the best results in Watertown as it re-
sponds to increasing demands for better stormwater manage-
ment practices. Providing resources for learning at multiple
levels of government as well as sponsoring pilot and demon-
stration projects will help bridge the knowledge gap. Necessity
for change created by more stringent regulations, zoning and
design guidelines will help foster awareness and motivation
for learning. Regulations can accompany a stormwater man-
agement manual, so that regulations provide backbone to the
guidelines in the manual. After raising sufficient awareness of
stormwater problems and its solutions, attempts to create local
stormwater management funding sources will likely be more
successful. While many of the stormwater impacts are supra-
local, Watertown will still need address local sources of pol-
lution to comply with increasingly stringent federal and state
regulations. Watershed-level and regional level stormwater
management will require coordination by a larger governing
body such as the state or a regional planning association. Wa-
tertown cannot control these efforts, but can encourage and
advocate for such an initiative.
More specifically, providing appropriate resources at
each level of government will help overcome limitations in local
knowledge about stormwater-related problems and manage-
ment strategies. While municipalities do not have direct con-
trol over every aspect of this recommendation, municipal gov-
ernments can ask for help in building fundamental knowledge
about stormwater BMPs. Federal and state regulators should
provide resources for local governments to learn about BMPs
and stormwater such that local officials can make informed
choices and policies and disseminate knowledge more broadly
to their constituents. Knowledge at the federal and state level
can also serve to educate private developers. As demonstrated
by the efforts of the University of New Hampshire Stormwa-
ter Center, demonstration projects can be transformative and
should be a model that state and federal regulators consider
alongside increasingly stringent requirements. Thus, demon-
stration and pilot projects should be a priority to disseminate
knowledge about BMPs and long-term maintenance require-
ments. Once fundamental knowledge is established in local
governments and amongst concerned citizens, towns can
implement broader education programs for town employees
and residents.
In addition to building the local knowledge base,
towns should select and establish the mechanisms that they
intend to use to achieve better stormwater practices. Based
on the success of Portland's stormwater strategy, towns should
establish design guidelines coupled with regulations that pro-
vide authority to those guidelines. Through these mechanisms
for implementation of stormwater BMPs, towns can clearly
articulate their expectations of developers and themselves to
achieve the highest standard of practice. With expectations in
one place, developers and contractors will know exactly what
they need to do.
Without adequate funding to translate regulations
and guidelines into practice, stormwater BMPs cannot be
constructed, however. The best strategy for municipalities in
light of limited town budgets and inflexible funding sources is
to establish a local funding source that can be more flexible
and consistent than existing funding options. Potential funding
sources include stormwater utilities, impact fees, permit fees
and inspection fees (Busco and Lindsey 2002). These options
can generate income for the town that is solely dedicated to
stormwater management without having eligibility require-
ments that stall projects or limit the attainable environmental
benefit. Nonetheless, establishing a funding source is second-
ary to regulation, design guideline, and knowledge building
needs. A local funding source will be much easier to establish
once residents and policymakers are more aware of the im-
pacts of stormwater and increasingly stringent regulations and
can thus, come after overcoming the first two challenges.
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Conclusion
On April 14, 2009, Watertown's Town Council ad-
opted a resolution to establish a Stormwater Advisory Commit-
tee to take ownership of its role in achieving the highest stan-
dard of stormwater management practices. The Committee's
charge includes reviewing a new stormwater ordinance and
any related regulations, exploring stormwater funding options,
increasing public awareness through educational programs
and helping the DPW superintendent with any other relevant
tasks (Piccirilli 2009). This situation presents an opportunity for
Watertown to take a more proactive approach to stormwater
management. Working within this framework, the Commit-
tee can help Watertown build a fundamental knowledge base,
establish appropriate regulations and design guidelines and
eventually, help the town establish a consistent and flexible
funding source for improving local stormwater management
practices. As development has slowed due to the national
economic downturn, it is particularly important for Watertown
to amend its stormwater management strategy during this lull
to affect future development. In conclusion, how Watertown
proceeds with this new committee will provide lessons for the
surrounding towns about how to best overcome local hurdles
to stormwater BMPs and higher quality urban streams.
Because stream degradation begins at 10 percent
imperviousness in a watershed, complete restoration will be
nearly impossible in suburban communities like Watertown
where impervious cover is already five times greater than that
threshold. Nonetheless, polluted stormwater runoff can be
mitigated and lessened if towns are dedicated to implementing
stormwater BMPs. Through a more educated community of
residents and leaders coupled with an appropriate set of regu-
lations and design guidelines, towns can encourage the highest
standard of stormwater management practices. As awareness,
understanding and motivation for BMPs grows, creating a lo-
cal funding source will be more palatable to communities and
more widespread implementation of BMPs and mitigation of
damage to urban streams. As these challenges are overcome,
we will restore the ecosystem services that streams naturally
provide, including recreational space, aesthetic value, cleaner
air and cooler temperatures; all of these services are particu-
larly important in urban areas with little open space, many air
pollutants and urban heat islands.
Municipalities ultimately have the ability to influ-
ence the outcomes of stormwater management practices and
should take the opportunity presented by increasingly strin-
gent federal and state standards to make changes in their local
stormwater management policies. At the local level, first-ring
suburbs are capable of reaching their entire constituency to
educate residents about the impacts of stormwater runoff,
which no other level of government is capable of doing. Design
guidelines and regulations can be tailored to specific site con-
straints present in each town that produce optimal results and
can demonstrate the BMP possibilities for developers. Given
these advantages and opportunities, municipalities are poised
to make significant advances toward better environmental
practices and healthier streams in their communities.
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change -- 45
Appendix A: Pleasant Street Corridor District Zoning
Despite the strategic location of the PSCD along the
Charles River, the ordinance creating the PSCD contains only
weak requirements for stormwater management. In the zoning
document, the final objective of the PSCD zoning amendment
is to "Encourage Smart Growth and Low Impact Development
(LID) to develop in an environmentally sustainable manner,
manage stormwater, and protect the riparian habitat" (Water-
town Planning Board 2008). The amendment's environmental
sustainability guidelines suggest that development propos-
als retain stormwater on-site as much as possible, preserve
existing and provide additional trees, create green roofs, use
porous pavement and opt for bioretention systems instead of
conveying the water off site. In addition, the guidelines recom-
mend that proposals "incorporate best practices in stormwater
management and LID techniques" (Watertown Planning Board
2008). While these statements demonstrate to developers that
the town expects them to adopt effective stormwater manage-
ment practices, the zoning code does not specify what those
opportunities actually are. Without greater specificity, devel-
opers can evade those suggestions. Nonetheless, members
of the rezoning committee felt that zoning should not contain
more design specifics and that such specifics would be better
codified in design guidelines or a stormwater ordinance (Fillis
2009). But given the difficulty of making retroactive changes, it
is particularly important for zoning to reflect all that the town
expects developers to do. The struggles over the development
of the zoning amendment reveal some of the challenges and
opportunities in Watertown for the implementation of cutting-
edge stormwater management practices.
Considering the conditions of the PSCD after light
industry left, some actors in the process believed any devel-
opment could be desirable for the place and opposed strong
statements that could scare developers away. From their
perspective, to discourage development would constitute a
lost opportunity. On the other hand, to allow development in
the last area that can support significant chunks of new devel-
opment without encouraging more environmentally sensitive
practices would also be a missed opportunity.
As of April 2009, development in the PSCD has
slowed as a result of the national economic downturn, but
there is still positive interest in the area. A condominium
development at 140 Pleasant Street is moving forward and
Repton Place Condominiums, although stalled, is in its second
phase (Fillis 2009). Toyota of Watertown moved onto a for-
mer used car lot in the district and Russo's, a grocery store, is
expanding its parking (Fillis 2009). With these movements, the
town is also hopeful that the former Boston Scientific Property
will soon have a new user (Magoon 2009).
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Appendix B: Best Practices for Managing Stormwater
Table 1, which is adapted from the annual report
of the University of New Hampshire's Stormwater Center
(UNHSC), summarizes the BMPs that are most relevant for Wa-
tertown. (The UNHSC has devoted considerable resources to
demonstrating that these particular BMPs are effective in New
England.)
Table 2 provides a list of resources that contain rel-
evant information about stormwater BMPs, state regulations
and relevant publications.
Table 3 provides local resources with information
that is more specific to the Charles River Watershed and Water-
town.
Table 1: UNHSC 2007 Annual Report Best Management Practices
Porous Asphalt
Subsurface Gravel
Wetland
Bioretention System
Specially designed pavement and high
porosity layers that allow filtering and
recharge of runoff.
Appears to be a wetland but is in fact a
gravel-lined basin with wetland design on top
to increase infiltration rates. Tends not to
have standing water.
Captures runoff flow in vegetated
dpnrpinn~ for retention and infiltration.
Elimination of impervious surfaces in
locations where pavement is needed
(parking lots and roadways).
Space intensive, but usable in many regions
where wetland systems are supportable.
Used on soils that accommodate
infiltration.
$2,300 per parking
space
$22,500 per acre
(installed)
$18,000 per acre
(installed)
Tree Box Filter Concrete boxes are filled with water retaining Can be used in urban areas, often along $2,500 per unit,
soils and planted with a tree. sidewalks. $22,000 per acre
(treated)
Surface Sand Filter Two basins in series are used, one for Dependent on soil characteristics, as soil $12,500 per acre
sedimentation and the other is filled with infiltration capacity is important. (treated)
sand for filtration.
Hydrodynamic A flow-through system that removes particles Good for small spaces, but primarily only $18,000 - $20,000
Separators and oils. A manhole retrofit. for pretreatment. per acre (treated)
ADS Water Quality A subsurface manufactured device that is Good for small spaces such as urban areas. $50,000 per acre
Unit and Infiltration extremely effective in removing pollutants (treated)
System and reducing runoff flows and volumes.__
Aqua-Filter
Stormwater
Filtration System
Vegetated Swale
Retention Pond
Made by AquaShield. A manhole retrofit that
filters water and removes sediments.
Planted channels that convey runoff, but
effectiveness declines over time.
Always has standing water and holds runoff
indefinitely for infiltration into the ground
and to improve water quality.
Subsurface design good for sites with little
space and other spaces where manholes
are common.
Most commonly used BMP but is space
intensive.
Widely used because they are broadly
accepted and easy to design.
$31,500 per acre
(treated)
$12,000 per acre
(treated)
$13,500 per acre
(treated)
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Table 2: Stormwater Resources
P9 9w-
U.S. Environmental
Protection Agency
(US EPA)
MassDEP
University of New
Hampshire
Stormwater Center
Center for
Watershed
Protection
Low Impact
Development
Center
City of Portland
i City of Seattle
City of San Francisco
National Stormwater BMP Database, Urban
Stormwater BMP Study, other stormwater links
http://www.epa.gov/guide/stormwater/
MA regulations, MA Stormwater Handbook, MA http://www.mass.gov/dep/water/index.htm
proposed regulations, permit applications, local
grants and incentives
2007 UNHSC Annual Report, Presentations, http://www.unh.edu/erg/cstev/2007_stormwaterannua
Publications, Workshops I_report.pdf, http://www.unh.edu/erg/cstev/
Publications, Resources for watershed management http://www.cwp.org/
LID Green Streets Program, BMP fact sheets and http://www.lowimpactdevelopment.org/
literature reviews, brochures, design manuals and
reports, presentations
2008 Stormwater Management Manual http://www.portlandonline.com/bes/index.cfm?c=47952
Seattle's Natural Drainage Systems Program (includes http://www.ci.seattle.wa.us/util/About_SPU/Drainage_&
pilot project descriptions and associated reports) _Sewer System/Natural Drainage Systems/index.asp
San Francisco's Draft Stormwater Guidelines and http://sfwater.org/mto_main.cfm/MC_I D/14/MSCID/36
resources about the process thus far 1/MTO_ID/543
Table 3: Local Stormwater Resources
Charles River Information about the watershed, projects in the watershed such as the http://www.crwa.org/
Watershed AlIston Brighton Green Street Guidelines, guidance on stormwater
Association regulations, bylaws, financing and management
Charles River Focused on parklands, CRC helps bring awareness of the river as a http://www.thecharles.org/
Conservancy resource for residents
Conservation Law Monitors current events with press releases and advocacy documents http://www.clf.org/programs/cases.a
Foundation (relating to new regulations and intents to sue) sp?id=490
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Appendix C: Estimating Runoff Reductions and
Environmental Benefit
The Rational Method is applied to situations where
peak flow estimations are needed for discharge of stormwater
off a site. This method assumes that the site is near homoge-
neous and does not work well in cases with significant vegeta-
tion, soil, slope and land use variation across the site(Colburn
2009). Relatively constant storm intensity is also assumed
(Colburn 2009). Lastly, runoff is assumed to flow at this steady
state rate after once the water from the furthest point has
reached the runoff point (Dunne and Leopold 1978).
The equation for the rational method is:
Q=CIA, where
Q = maximum rate of runoff (cubic feet per second)
C = runoff coefficient, detailed below
I = average rainfall intensity (inches per hour, which
depends on the design storm and location)
A = drainage area (acres)
Using the Rational Method, all other variables aside,
the speed of water flowing off a site is directly correlated with
its runoff coefficient. Table 1 provides a sample of runoff
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coefficients for urban areas. Parks and lawns have coefficients
as little as 0.05 while asphalt covered areas have coefficients
as much as 0.95. With asphalt potentially causing maximum
runoff rates nearly twenty times the runoff rate of vegetated
surfaces, increased impervious surfaces clearly lead to faster
runoff, which has the capacity to carry more pollutants and
change stream shape through erosion. Furthermore, less
infiltration can occur as the water passes so quickly, increasing
total runoff volumes.
Table 1: Runoff Coefficients for Urban Watersheds
(taken from the Texas Department of Transportation, Hydraulic Design Manual, 2009.)
Typical Drainage Area Runoff Coefficient
Lawns:
Sandy soil, flat 2% 0.05-0.10
Sandy soil, average 2-7% 0.10-0.15
Sandy soil, steep 7% 0.15-0.20
Heavy soil, flat 2% 0.13-0.17
Heavy soil, average 2-7% 0.18-0.22
Heavy soil, steep 7% 0.25-0.35
Streets:
Asphaltic 0.85-0.95
Concrete 0.90-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.95
Roofs 0.75-0.95
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Typical Drainage Area Runoff Coefficient
Business:
Downtown areas 0.70-0.95
Neighborhood areas 0.30-0.70
Residential:
Single-family areas 0.30-0.50
Multi-units, detached 0.40-0.60
Multi-units, attached 0.60-0.75
Suburban 0.35-0.40
Apartment dwelling areas 0.30-0.70
Industrial:
Light areas 0.30-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.30-0.40
Railroad yards 0.30-0.40
Unimproved areas:
Sand or sandy loam soil, 0-3% 0.15-0.20
Sand or sandy loam soil, 3-5% 0.20-0.25
Black or loessial soil, 0-3% 0.18-0.25
Black or loessial soil, 3-5% 0.25-0.30
Black or loessial soil, >5% 0.70-0.80
Deep sand area 0.05-0.15
Steep grassed slopes 0.70
Alternatively, rough estimates of the benefits of
stormwater BMPs and LID techniques can be obtained through
the following resources:
Green Values Stormwater Toolbox (http://greenval-
ues.cnt.org/calculator): Select relevant interventions and site
statistics for rough estimates of hydrologic and financial details.
Rational Equation Calculator (http://www.lmnoeng.
com/Hydrology/rational.htm): Calculate peak discharges using
runoff coefficient, rainfall intensity and drainage area.
For my estimates of runoff and environmental for
Watertown, I provided the following information to each of the
calculators, many of which are guesstimates:
Rational runoff coefficient, predevelopment = 0.1
Rational runoff coefficient, current development =
0.75
Rainfall Intensity = 1 inch/hour
Drainage Area = 2662 acres
Number of lots = 3000
Average roof size, including garage = 1200 square feet
Average driveway area = 400 square feet
Average impermeable patio = 100 square feet
Sidewalk width = 5 feet
Average street width = 32 feet
Soil type = C
Average slope = 1%
Real discount rate = 3.1%
Life cycle in years = 100
Using these calculators, predevelopment peak runoff
is 266.2 cubic feet per second, while present day peak run-
off is 1997 cubic feet per second. Furthermore, using porous
pavement on driveways and sidewalks and other non-street
pavements, providing 25 percent tree cover on every lot, and
drainage swales instead of stormwater drains can reduce peak
discharges by as much as 17 percent.
Appendix D: Watertown Historical Development & Runoff
The three following diagrams demonstrate the
growth of development over the last 120 years in Watertown.
The amount of built space and impervious surfaces has more
than quadrupled in that time. As a consequence, runoff rates
into the Charles River from Watertown have increased dra-
matically since the late 1800s, as demonstrated by the rational
method in Appendix C. Water, when flowing uninterrupted,
gains speed as it moves along the surfaces towards the river.
The longer that distance, the faster the flow of water. In addi-
tion, with fewer surfaces for infiltration, overall infiltration has
also decreased, leading to both increased runoff volumes and
peak flow rates.
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Figure 1: 1875 Map of Watertown and Extent Development at the Time 
(Map of Watertown 1875)
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Figure 2: Present day impervious surface map of Watertown
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Figure 3: Present-day impervious surface map overlaid with 1875 Map of Watertown.
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Appendix E: Sample Design Guidelines
This appendix provides a short sample of design
guidelines created by the City of Portland in their Stormwater
Management Manual (City of Portland 2008). The following
pages present a potential street-side planter that can be appli-
cable in areas with limited space. Placement next to streets is
especially strategic as a significant portion of non-point source
pollution comes from street runoff. These pages provide sam-
ples of how design guidelines can help developers understand
the possibilities for stormwater management in a town and
facilitate design processes that result in BMP implementation.
Portland's Stormwater Management Manual, which
can be found on the website of their Bureau of Environmental
Services. Portland provides a series of typical stormwater de-
tails which can inform local design guidelines as New England
towns move forward in efforts to better manage stormwater.
These guidelines can be adapted and built upon for a New
England and town specific set of guidelines, that when coupled
with local regulations, can be a powerful tool for bringing tech-
nology into practice.
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NOTES:
1. See 2007 City of Portland Standard Construction
Specifications Section 00415 - Vegetated
Stormwater Facilities.
2. Width of planter: 3' minimum from inside curbsLength of planter based on engineering
S 2-0calculations: 18' tcal, 12' minimum.
MDepth of planter2" max from top of street curb totop of soiL
3. Longitudinal slope of planter matches road: flat
as possible 3% maximum. Longitudinal and cross
slope of soil within planter: none, flat as possible.
(Typical cross slope of road 2-6%, cross slope
of gutter 8%.)
4. Special requirements may be necessary on steep
slopes & for planters deslgned to Include discharge.
5. Include beginning and ending station elevations
o hfor eac  . Provide the op and bottom
elevation of fality at each ton secified.
Include elevations at every inlet and outlet.
6. Sidewalk elevation must be set above inlet
and outlet elevations to allow overflow to drain
to street before sidewalk.
(rTP.) ,4" 0P. FO RMUCE 7. See sheets SW-330, 331, and 332 for inlet
M BE 1 UL ERTWI
8. Check damsmaybe reuired:
W-312) See sheet SW-340 for etails.
S 9. See Appendix F.3 for Growing Medium
1 requirements.
10. Special requirements for water lines, meters, and
RET fire hydrants: See sheet SW-313 for details.
11. Depending on location, utility lines may need to
be sleeve.
12. Curb and Gutter: ODOT Standard Roadway
Drawing RD700 with thickened 12" gutter. Use
1'-6" wide gutter.
14. Install washed pea gravel or river rock to transition
from splash pad to topsoil.
DSCPE 15. See Landscape Templates SW-410 throughSW-412 and Plant List in SWMM Appendix F.4.
CURB 3'-0' N 6 SDEW LK ZONE
& SFORMATER IMPORTANT: Utility conflicts and existing conditions can
create major design variables. Locate utilities and survey
existing conditions prior to beginning design work.
T-32 PLANTER PLAN The Portland Office of Transportation, Portland Water
Bureau (PWB), and Bureau of Environmental Services (BES)
are responsible for the review and approval of Stormwater
Swales in the public right of way. Stormwater facilities In
Well Field Protection Areas may require special containment
measures.
For more information contact:
PDOT (503) 823-7884 BES (503) 823-7651
PW8 (503) 823-7368 Urban Forestry (503) 823-4025
DRAP N OT ;C SCAL -
STORMWATER MANAGEMENT MANUAL TYPICAL DETAILS
- Green Streets- NUMBER
Planter Plan
Without Parking
Bureau of Environmentl Services
RI::~; Stl '"09:nn
NOTES:
1. See 2007 City of Portland Standard Construction
Specifications Section 00415 - Vegetated
Stormwater Facilities.
2. Width of planter: 3' minimum from inside curbs.
Length of planter based on engineering
calculations: 18' typical, 12' minimum.
-
Depth of planter. 12" max from top of street curb
.. to top of soil.
3. Longitudinal slope of planter matches road: flat
S(P 4 oM FOR WONE, as possible 3% maximum. Longitudinal and cross
(sEE SHT SW-333)O BE ' LOW ~ slope of soil within planter none, flat as possible.
SR  (SEE SHEET (Typcal cross slope of road 2-6%, cross slopeS-312). futter 8%.)
4. Special requirements may be necessary on steep
slopes & for planters designed to include discharge.
41 5. Include beginning and ending station elevations
for each facility. Provide the op and bottom
is'-0 elevation of facility at each station specified.
(YP.) .Include elevations at every inlet and outlet
6. Sidewalk elevation must be set above inlet
2o MAX and outlet elevations to allow overflow to drain
to street before sidewalk.
4  7. See sheets SW-330, 331, and 332 for inlet
details.
SHP 8. Check dams may be required:
See sheet SW-340for details.
S9. Special soil and planting requirements:
c 'See sheets SW-340 and SW-400 for details.
S-0 10. Special requirements for water lines, meters, and
fire hydrants: See sheet SW-313 for details.
'- 11. Depending on location, utility lines may need to
LA uwr PAVER EGE be sleeved.
S) 12. Curb and Gutter ODOT Standard Roadway
.. DS-PE2 i Drawing RD700 with thickened 12" gutter. Use
A1'-6" wide gutter.
13. Install washed pea gravel or river rock to transition
r from splash pad to tpsoil.
14. See Green Street Planting details SW-420 through
JSW-422.
CU CURB 2'-6" 6" 3-0 MIN 6" SIDEWALK ZONE
, & PARKING STORWATERUTTER EGRESS PLANTER
O IMPORTANT: Utility conflicts and existing conditions can
create major design variables. Locate utilities and survey
FOR SECIS REIi existing conditions prior to beginning design work.
S 110 SW-312
PLANTER PLAN The Portland Office of Transportation, Portland WaterBureau (PWB), and Bureau of Environmental Services (BES)
O are responsible for the review and approval of Stormwater
C< Swales in the public right of way. Stormwater facilities in
"I% Well Field Protection Areas may require special containment
O measures.
:" For more information contact
0Q PDOT (503) 823-7884 BES (503) 823-7651
0 PWB (503) 823-7368 Urban Forestry (503) 823-4025
-firRA 'ING NOT H) SCA tF-
STORMWATER MANAGEMENT MANUAL TYPICAL DETAILS
ro NUMBER
- Green Streets -
o Planter Plan SW-311
:a ocWith Parking
3 Bureau of Environmeal Services
oD
4' EXPOSED CURB
4' WIDE OPENING
0 6FT SPACING
ON CENTER AND AT
LOW POINTS
12" THICK I
GUTTER
30 MIL IMPERMEABE UNER,
OR APPROVED EQUIVALENT,
2'-6 DEEP MEASURED
FROM TOP OF CURB OR TO
DEPTH OF ROADBED
(WHCHEVER IS GREATER).
SEE NOTE 12, SW-322.
2- MAX 28' MIN
2% IAA
- SMW-JO U
3'-0' MIN
SECTION A-A
PLANTER WITHOUT PARKING
TOP OF CURB
0 END OF
30 MIL IMPERMEABLE LIN R,
OR APPROVED EQUIVALJENT
2'-6" DEEP MEASURED
FROM TOP OF CURB OR TO
DEPTH OF RODBED
(WHICHEVER IS GREATER).
SEE NOTE #2, SW-322
s I, 28 MIN
28' MIN
SMEET SW-J40
- 3'-0" MIN
SECTION B-B
PLANTER WITH PARKING FOR PA REFER
TO SW-311
STORM WATER MANAGEMENT MANUAL TYPICAL DETAILS
- Green Streets -
Planter Sections
NUMBER
SW-312
Bureau of Environmental Services
FOR PLAN REFER
TO Sw-310 AND
SW-321.
4' EXPOSED CURB
SR=3/4' (TYP ALL
EXPOSED GES)
CURB
_ I I~ I
_ 
_ _
Appendix F: Sample Educational Brochure for Watertown
Preserving Local
Water Quality
through Stormwater
Management
The Charles River Watershed, from the
Charles River Watershed Association
For more information, contact Watertown's
Stormwater Advisory Committee.
Manage stormwater that
runs off your property
and influnece new
development to meet
current best practices.
Illustration from the City of Wilmington, NC,
Stormwater Services
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Stormwater Best
Management Practices
(BMPs) to Prevent Polluted
Streams
The process involves:
1. Capturing stormwater
2. Cleaning the water through filtration
through soils or vegetation, and
3. Returning the water to natural systems,
such as groundwater or a stream.
Challenges to BMP Adoption
1. Insufficient Knowledge about stormwater
problems and potential stormwater BMPs.
2. Lack of implementation mechanisms to
encourage best practices.
3. High construction costs, a limited town
budget and inflexible funding sources make
it difficult to build BMPs.
4. Site characteristics like soil types and
existing infrastructure limit the BMPs that
can be used on a site.
Solving Stormwater
Problems in Watertown
1. Help spread the word about stormwater
runoff and its impacts on the environment.
2. Install BMPs like rain barrels and porous
pavement around your home.
3. Ask your district town councilor what
mechanism they will use to encourage
better stormwater practices.
4. Support a local stormwater utility.
What can BMPs do for
Watertown?
Fifty percent of Watertown is covered with
impervious surfaces that water cannot
penetrate for filtration and to recharge
groundwater. Compared to conditions
before development, peak volumes of
runoff during storms is nearly eight times
greater today.
Using stormwater BMPs like vegetated
swales, porous pavement and additional
trees on a site can reduce the volume of
water runninfg off a site by 17 percent. Map of impervious surfaces in Watertown, with the Charles River on the southern edge of town.
_ 
_ 
____ _____
References
Balest, Richard. 2009. Personal Interview with Arsenal Mall
Property Manager. Watertown, February 28, 2009.
Booth, Derek B., and C. Rhett Jackson. 1997. Urbanization of
Aquatic Systems: Degradation Thresholds, Stormwater De-
tection, and the Limits of Mitigation. Journal of the Ameri-
can Water Resources Association 33 (5):1077-1090.
Borci, Todd. 2009. Telephone Interview with EPA Region 1 En-
forcement Officer. Watertown, 10 March 2009.
Bowditch, Kate. 2009. Personal Interview with Charles River
Watershed Association Director of Projects. Boston, MA,
26 February 2009.
Busco, Dana, and Greg Lindsey. 2002. An Annotated Bibliogra-
phy of Stormwater Finance Resources. Indianapolis: Indi-
ana University-Perdue University.
Cartographic Assoc., Inc. 1997. Watertown, Massachusetts:
Zoning Map. Watertown.
Charles River Watershed Association (CRWA). 2007. Assess-
ment of Stormwater Financing Mechanisms in New Eng-
land. Weston: Massachusetts Coastal Zone Management.
---. 2009. Adopting a Stormwater Bylaw 2008 [cited March
28 2009]. Available from http://crwa.org/projects/storm-
water/bylaws.html.
---. 2009. Charles River History 2008 [cited May 12 2009].
Available from http://crwa.org/cr_history.html.
---. 2009. CRWA Detailed Project List 2008 [cited 21 March
2009]. Available from http://crwa.org/projects.html.
------. 2009. Green Street Guidelines for Allston Brighton
2008 [cited 21 March 2009]. Available from http://crwa.
org/projects/ABgreen_street.html.
City of Palo Alto. Types of Zoning Codes and Formats: Discus-
sion Paper 2001 [cited.
City of Portland. 2008. Portland Stormwater Management
Manual. Portland.
Colburn, Elizabeth. 2009. Runoff and Surface Water Hydrology.
Class Lecture, Water, Aquatic Ecology and Land-Water Link-
ages.
Dunne, Thomas, and Luna B. Leopold. 1978. Water in Environ-
mental Planning. San Francisco: W. H. Freeman.
Falkoff, Susan. 2009. Personal Interview with Watertown Town
Councilor-at-Large & DPW Subcommittee Chair. Water-
town, MA, 5 March 2009.
Fennimore, Jillian. 2007. Are Condos Pleasant Street's Future?
Wicked Local Watertown, http://www.wickedlocal.com/
watertown/archive/x178426404.
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change -- 65
Fillis, Danielle. 2009. Personal Interview with Watertown Senior
Planner. Watertown, March 3, 2009.
Form-Based Codes Institute. 2009. Definition of a Form-Based
Code, January 29 2008 [cited March 26 2009]. Available
from http://www.formbasedcodes.org/definition.html.
Halifax Regional Municipality. 2009. Infiltration/Inflow Reduc-
tion 2005 [cited March 28 2009]. Available from http://
www.halifax.ca/pollutionprevention/infiltration-inflow.
html.
Hottenroth, Dawn, Craig Harper, and James Turner. 2007. Ef-
fectiveness of Integrated Stormwater Management in a
Portland, Oregon Watershed. Journal of the American
Water Resources Association 35 (3):633-641.
Illinois Environmental Protection Agency. 2002. What is Phase II
of the NPDES Storm Water Management Program? Spring-
field, IL.
InflationData.com. 2009. Inflation Rate in Percent for Jan 2000
- Present. InflationData.com 2009 [cited 22 March 2009].
Available from http://inflationdata.com/inflation/Infla-
tion_Rate/Cu rrentl nflation.asp.
Kindermans, Theo. 2009. Personal Interview with Stantec Con-
sulting Principal. Boston, 24 March 2009.
MA Department of Environmental Protection (MassDEP). 2008.
Stormwater Management Standards, edited by Depart-
ment of Environmental Protection. Boston.
-----. 2008. Summary of Proposed Stormwater Regulations
314 CMR 21.00, edited by Department of Environmental
Protection. Boston.
Madden, Kathryn. 2009. Personal Interview with Former Sasaki
Associates Principal, 11 March 2009.
Magoon, Steven. 2009. Personal Interview with Watertown
Planning Director. Watertown, MA, 11 March 2009.
Map of Watertown. 1875. Watertown.
Massachusetts Water Resources Authority (MWRA). 2009.
Community Support Program Infiltration/Inflow Local
Financial Assistance 2009 [cited March 28 2009]. Available
from http://www.mwra.state.ma.us/comsupport/ii/iipro-
gram.html.
Mee, Gerald. 2009. Watertown Committee on Public Works
Meeting. Watertown, March 12, 2009.
Metropolitan Area Planning Council. 2004. Community Profiles:
Growth Trends in Greater Boston's 101 Communities -- Re-
vised for 2004. Boston.
NAIOP. 2009. Stormwater Management 2009 [cited March 28
2009]. Available from http://www.naiop.org/governmen-
taffairs/issues/stormwater.cfm.
New York City Department of City Planning. 2009. About NYC
Zoning: History 2009 [cited March 29 2009]. Available
from http://www.nyc.gov/html/dcp/html/zone/zonehis.
shtml.
Philadelphia Zoning Code Commission. 2009. Types of Zoning
Codes 2009 [cited March 26 2009]. Available from http://
www.zoningmatters.org/facts/trends.
Piccirilli, Vincent. 2009. Committee on Public Works, Meeting
April 7, 2009. Watertown: Town Council.
Sargent, Elizabeth, Kathryn Madden. 2007. Pleasant Street
Corridor Vision: Regulatory Analysis. Watertown: Sasaki
Associates, Inc.
Seattle Public Utilities. 2008. Seattle's Natural Drainage System.
Seattle: City of Seattle.
Spicer, Danielle. 2009. Personal Interview with Stantec Consult-
ing Project Manager. Boston, 24 March 29.
Tamber, Sue. 2009. Telephone Interview with DPW Deputy
Superintendent. Watertown, MA, 10 March 2009.
The Alliance for Quality Education. 2009. New Study: Property
Tax Cap Had Devastating Consequences for Public Educa-
tion in Massachusetts 2008 [cited March 28 2009]. Avail-
able from http://www.nysut.org/cps/rde/xchg/nysut/
hs.xsl/mediareleases_10728.htm.
Town of Watertown Massachusetts. 2008. Sanitary Sewer and
Storm Drains Regulations. Watertown.
---. 2008. Wetlands Ordinance. Watertown.
U.S. Environmental Protection Agency (U.S. EPA). 2009. Clean
Water State Revolving Fund 2009 [cited March 28 2009].
------. 2009. History of the Clean Water Act, February 29,
2009 2009 [cited March 11 2009]. Available from http://
www.epa.gov/lawsregs/laws/cwahistory.html.
------. 2009. NPDES Permits and Stormwater, January 16,
2009 2009 [cited March 14 2009]. Available from http://
www.epa.gov/region09/water/npdes/compliance.html.
UNHSC. 2007. 2007 Annual Report. Durham, NH: University of
New Hampshire Stormwater Center.
Vannote, Robin L., G. Wayne Minshall, Kenneth W. Cummins,
James R. Sedell, Colbert E. Cushing. 1980. The River Con-
tinuum Concept. Canadian Journal of Fisheries and Aquatic
Sciences 37:130-137.
Managing Stormwater in Watertown, MA: Overcoming Obstacles to Change -- 67
Venkataraman, Bina. 2008. EPA Targets Water Runoff. Bos-
ton Globe, http://www.boston.com/news/local/arti-
cles/2008/11/17/epa_targets_water_runoff/?page=1.
Water Environment Research Foundation. 2009. Building a
Nationally Recognized Program Through Innovation and
Research, July 2008 2008 [cited April 25 2009]. Available
from http://www.werf.org/livablecommunities/studies_
port_or.htm.
---. 2009. Incorporating Water Quality Features into the
Right-of-Way 2008 [cited April 25 2009]. Available from
http://www.werf.org/livablecommunities/studies_sea_
wa.htm.
Watertown Planning Board. 2008. Zoning Ordinance, edited by
Watertown Planning Board. Watertown, MA.
Watson, Gregory. 2009. Telephone Interview with Former Wa-
tertown Planning Director. Watertown, 12 March 2009.
